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tew] ^px-f >*Jx)V7>t mv*?— e (PD 

fta-H-TSDNAik hPD 

Htefts*, «Ea**j:fcfcJ:sPDi©aaa#su 
ca*i kSPD i o^a^«tt*«»A$n, Rum- 
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J 

[ftHF88#©*5B) 

9 l#B©75yKKflfc3-K1-*JitefcBB?!to>&£ 
*, t b^Df'f >3?X)W7-f H-fV^5— 
CO, fc hM7;U7$>7>7oE^£=i-K-r*DN 
Aith7*Ox<f >5?X*74 My^—WSe?^ 

[§a## 3 ] gtne«SE^j^ej<j## 2 »c*a*i* i 

SB-1 5 4 5 #B®Efl# 

4 3 i - 3 © vvrna»-J5ifcffi«®a 

# 

[M&B5] «*«4gB«0«^^^-T«^ft» 
RIE& UT# 6*1* JgHIEftflE. 
[fB*JE 6 3 S-fetf »**C*SS!#JB 5 g2«©«*S3IS 

7 ] mm i ~ 3 ©v>r*u&>-9nc82«©a 
isae^sMM 5 x» 6 s«o®a<£^^T?»^s 

F<y*?-i?©»Sfc&flu 

[MM 8] MMl-3©vvma>-JEKK«©il 
-&M3SU 

8. 

bur-*-*, ct*»atf-5a*JK7ia«©*tt. 

EMM 9] »»d*ifcittBB»aAk h^Dr-f 
K«©;£&. 

IMMl 0] tt*«7-9O^r*l*»-«ICBE*0 
#fcK<fc^T&e>*lS, E*JS*t 3 £3*3*1*1 SB- 
4 9 l#B<07S>'ttEW3fc&«S»&Afch:7o:r-'f 

imm 1 1 3 aaa pjtBfcMM i ~ 3 ©urn* 

[MM 1 23 MMJMfcPm4EMM*Tft&M& 
[MM133 **»fc^**khif[i?87;U7S>£:3 

-t*?*a&pefcsfflMi i ga«©jg»fc&#. 



2) &BB¥6-3 8 7 7 1 

[MM l 4 3 MM 11-13 © V>T *135>-«K:E 

«©^5HEft#rt*c, t h^DH >i;x;W7-< M y 

Ml 5] *g^7*?H36«khJlllfll7^5>Tr 
*2.M*El4ffi«©*«u 
W8E©l*fi!IfcR9!] 
10 [0 0 0 1] 

[£SR±©ftfffl#»3 *5£93tt, #0*7*^ F*®^*, 

*7* HiS'&©sftEis*tt«"r*ttfc*o#y^7' 

F©»&«ji^£teitT *»3&7*a5M' >5>7v/P7 

4 H-f y*9— ^□-H-r«»e : f©5ea»cHrt"*; 

*6C*5891tt, Kfi^ttfflJtfU'V/^Ffca-K 
r*^S8tfe?i©*56mcWT*. 
[0 0 02] 

[«E3fe©fiffi3 in vitro T©&ftgag©if«fS(Rei 
olding) &8&©f£*«fcr>. #U<^H©7*-;V5r-< 

£tt{fc£7n U >^7*? F©JlttfliEJ&&*** ClfciWn 
6*1 (Freedman, CeH 57, 1069-1072, 1989;Fisher & 
Schmld, Biochemistry 29. 2205-2212,1990) , 7*— 

SStLT, ^7*9 t i?-JV7*ng^^h5>7. 

-fy*?— K (pp i) a<. w*cB7*OT-f >$;xn' 

7-f F-fy*5-if (PDI) i^WF^^fc^tf 
a^asnTV^S. In vitro ©ggjSTtt, H*l&©» 

*tta&s©H«ii«©a««:ffiii-r.*^t*«^* 
30 n, ae^x^wfciasnfcTOttseRwjn vitr 

o_-C©^ffl^©fiJffl^#^e.nTVi<5 (Schein, Bio 
/Technology _7. 1141-1148. 1989 : B#jR 
SKb^dtt 64. 1035-1038, 1990) . 
CO 0 0 33 P D IH, pJ^T, tt¥LM®JH : R&>5tt 

^6*XTVi*. PD Hi, fr/*JW74 F1&& 

©x&££stt«u sseHSH©^;u7w F&-&© 

bZWrnTcZfr^ZttfiT-tZ (Free 
dman. CeU 57,1069-1072. 1989) . PDIttln vltr 
40 o Tli RNasefc£©l£-F.*'f >fr&fc*S6R*\ jfio. 

«7;p7^ >uz<D&n. F*-r >fr£&*gajt&£© 

*H^-C©v7JI/7^ F»£©»Jfc*a»E«£<£3iL 
fcD, Xttftffi^P7*'J>^7*D=i7-y>JS:^©«k5 
ft-9-7*a-y httii$^o®eH©^ : fWC©i;x^7 
W Hfg^©^l3E?i^©Sl&€ffiii-r*Ci:*t»&nTV> 
* (Free dman. Nature 329 , 196, 1987). 
[0 0 0 4] «?LS4*©PDItt, fi«^?»»5^ 

U, £*>©T&&ffi©»v>p Iffl (pi 4.2-4.3 ) &ft 
50 otl^. 
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[0 0 0 5] vv bOfFRSJteOPD I IC"PV>T» -t© 
ICTiBSn. -toae^ojfiSEflJ: 0 P D I <D 

7sysEwa««££n, pd i3&»2aacD«Httmtt 

®«tt»&75/«K?fl£tto£#*.&nT^S (Edna 
d et al.. Nature317 . 267-270. 1985). ^*H«* 
v>te. jn vivo*C^>*>jL'J>tD^X;V7-f HJe-S-^ 
&7tbfc0» RNase ©5>**7.f F»^CD3SifeE*ft€ 
a-T-SCt^T*, in vivoTOSae©7*-;Vx^ 

>^iggTPD i t[Bitto«#ft-r*i:t««^*«nT 

(Pigict & Schuster, Proc . Natl . Acad . Scl . 
USA 83, 7643-7647, 1986). 

[0006] pd i roi^frco^ftflit w&<»w& 
»6riTv>*/Mia#rt»»cPD i*«MicjaftfcLT^ 

T-^U7^><oawt*«ufc^;V7^ Kie£©jg 

t A. ^f® 75: V^^> PD I £Jn*3£* v^;U7 

*1T3»* (Bulleid S Freedman, Nature , 335 649-65 
1. 1988) . 

[0 0 0 7] PD I fcoWOi, xTJl^-f Plt£4>ff 

WfcoTV>*&aj**f*5trO>*. «Att, PDIIS, 
7a3 7-y>©7*DU >8g&*8Mtrr*7 , D U)W- 
4 -/W £©*tJK:i-? hT$»S^-t7-ya 

m£ttlJa2nz>'*7 : ?} : (Di'yj-)V&F\ Asn-X-Ser/Tbr 
€ Ktt-T -6 9 U o -WWfcfiMfcfc^S a S5 (P i h I a J an i eml 
et al.. EMB0 J. _6, 643-649 1987 ; Geetba-Habtb e 
t al., CeU 54. 1053-1060 1988) , SfetSfc, *F 
^©^^^^SeKCtriiodo-L-thyroniDe binding 
protein) (Cheng et ah J.Biol. Chen . 262 . 11221- 
11227, 1987)fc££©^-&#j*£*U PDIWS 

nmmmzMz. PDi#Tf£»iift.a#^STi&* 
wsnxvi-s. •*■*&©$£ lt«pd i 

£tlfc7*U r-ntXFolli tropin) ^;PhPkf> <Lu 
tropin) fc£©ttj8iH»tf;l' ; e>* > (Boniface & Reiche 



3) 4$BJ!¥6-3 8 7 7 1 

rt et al.. Science 247 , 61-64, 1990)* 7 
JK y v h-M. 5-fcf*#* 7i-f h SI, 2-i>7 : s 
)],/fi) -tn-;w t-f y *> h— jw, 4, 5- MJ *X7x— b 
iCfiDTK^T^S^T^O-tO^ftlCPD I t«Htt 

§ ftom a * u /t— tr c & a t»» e> n 

(Bennettet al.. Nature 334 . 268-270, 1988 ) . 
PDI^PDI 1Btft : T-<nm&to&V<?>%t>ibT&*fc£. 

tO 0 0 83 &±.<D£o\Z!2:mtS.toZt)<™W2tlX^2> 
10 tf, PD I <D±ft.®&\tftmRZfft=rmaVZ)\'7<< 

»^rtxi;^fflT©5?^;u7-f ^stftWfi<. 
aw«v>i:t««Msn4. s*©x#±&a*©g 

(4$K#&l£e®&) 
a? ^^SrJfe5^-r*SH<01^^C:cDv?XJW7^ 

-TOtt©«3K*a£#**i:ifc^ttT**. *J» 

5y b©S*©&ia©*82*#J&PD I aRNA-^ftcDit 

5» & om>m, ffR>»>ffft, »k>4>k>k© 

US) A^:cOIt^<«nTU5 CEdaan 6, N 
ature 314,267-270. 1985) . 
[0 0 0 9] Ji5c«n&«S8<Z>»fl3&«aeH^ril 

e>mm (3>/x-h^>h) ic^faftcDifi5^>'^;U7^ 

[0 0 1 03 inez^C/aiMADNAaffi^IVJ 
50 T, S?^7-f H^^t6Se»S»W<iftS 
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5 

[0 0 1 1] LifiVUifl*. V>**Tin vivoO^T^ 
[00 12] 

[&mW&l>& J }t*2>rm£} in vitro T<P%te 

[0013] thPD m&mQth&mr 

;U75 >7V:/pE?iJ£ii- H-T -SDNAtt hPD I 
[0 0 14] S6fc*fc, *5tW\t, *5eSpJlgfett» 

isjte^ t^sawtf^y^^Hta-H-rft 

t hPD I RlXK^*Jfte?-**5fiSS*SililC«k* 

*. 

[00 15] 

[R3Hj6S:fcfcf *fc«>©¥ft] ±KB 

tick D#&$£0M£-&fc. 

[0 0 161 &Tfc*RW<BI¥«£tftWT*. 

[0 0 17] hhTW-f >5J*.fr7«f MV*7— K 

(protein di sulphide isomerase; TPDlj <h&8fa"f 
<&) cDNA«3-H-T^^D->«, thfffHUgtll 

cDNA^-fT^y-fttft FJfcffiAgtll CDNA7-T 
7*5 U- (Clontechtt) 5 KLT£8$n 

[0 0 18] t hfiFKRlXt hMAgtll cDNAM 

-yDNAS7-<A^-ics^-r<b. tbyny 
> 4 -*«<!:»** (PD 1 tm-*>n&fD cDNA 
[Pitalajanieni,T. & (1987) EMB0 J. _6. 643]© 243 
*B^6 282#B<&ttSE*J©te««K»Jt>'r*S40 mer 

o^ia*y^T-DNA*yD-^i-r-5/w^yy-r 

<&7 7~>*DNA£EcoRI tfHfcU ®£ttfc#Jl50 bp© 



4) 4^B@¥6-3 87 7 1 

5 

-f >U—FDNA£PDI cDNAX? U-::>^fl7*P-7 

[0 0 19] c:©<fc5fcLT#&nfcfc»©ffit±£p- 

>£EcoRI iSfcbTEcoRI -f h D N A t&rtt &£ 

tfU Plblajaoieni 61: <k*$iE»5&i&B£Jt«Lfc*S 
™&£©£D->(pHPDI16) fcfl&&E&**<&*P- 
70 >(pEPDIp4) tTthPDI cDNAOifi^/t-l 

[0 0 2 0] W*D->CDDNAa£E*J£ft£LfclS 
ntl^©? P->#E#]#^ 1 £^3n*£;&2454 
JfiS*b&>&J**fc hPDl cDNA£3-FbTV>*;i£#$I 

>/X£Htt Asp 1 Leu" 1 © 49HH075 yfcjfcS 

8U£3ttw?>£#*.&n, asp 1 K5fcfT-r*i7$©7 
[0 0 2 i] *58^tt. pd i • Ms-a-sfcft 

©, fcF]hfll^;i,7*3>ae - f7>7*PEfl&-3-FT 
[0 0 2 2] fe»«a&ftt. ^A«^10ClC^r«k 

a»PDia&f-o±«ttcfty^DE5«s3- 

HTSDNASEIBS^SCtKi-aT^fianS*. 
ffiU t HPD I sawfcarw^-h*:'** ('NMefe 

5&Ae»nTViS) icifiai«&«>©y-y-EJiJi:b-c 

50 ttfc hifa»7;l'7'£>©:/l'7*PE^lcrB£TS&®tt 
fc<, flfiO->^TJVE^^l'ynE^T$)-3T , b<t 

[0 0 2 3] UttWlCtt, m&9n-> pffi>DI16Xt* p 
HPDIp4 DNAfc, ^EcoRI/PstK Pstl/BanHI-CilMfcU 
#5490bp Rtf#J1.3kbp©DNAErfr£#, W»rtf-£EcoR 
1/BaiHI mffc7*7^5 H^^^-pDC119tateU (pbPD 
1EB). Kunkelfe [Kuokel.T.A. (1985)Proc. Nat I. Acad. S 
ci. USA 82, 488 ] cDNAiOPD I 

E5«£PD I*#tO«*«»fclHIS9*KaeI«»rW(fl: 
4<? «:g|XL(phPDINae), Nael/Hiod III itHfctCckOPDI 
^^;PE5U€^**V>»1.7kb OPDI DNA 

[00243 

pUC119S:EcoRI iBifcU 3.nitXhoI U : 
5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

^S^L. XboI/BainHlffifl:L. CiniCt hiffl7J^$ 

> («T THSAJ tiwr*> yw^PE^s*«st 

(pUC 119 Sig) , Stul/Hind III ffi{bU3.2kb CDDNA 
50 ®ft&®Z> (HSA^wypE^J©-&fi5tft««5B©5liS 
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[0 0 2 53 phPDINae&&CT)l.7kb DNA gr#"<kpUC 119 
Sig *3fe<03.2kb DNA 8rtt-£jilSUpbPDILyl), EcoRI 
mfa Klenow8rKiC.fc*¥iitft;, BaoHI ilHfcfc«&frt> 
TH S A^l^DEflrFKfck hPDI *ft*®ttL1t 

[0 0 2 6] *«B©a«a^©fra;£fli2fctf*-C!>*l 
&»£^ra©E«fct ±a©#$fcKIH£S*l*fc©"CH; 
fc<. PD I S5S^*-&ft*ffi*W-r*t)Ott±Tfi JO 

thOft©te©M&*©*t*ifife^e> 
[0 0 2 7] Efl#*|2K*;S*a*-2 

E3fa*»&fij£*fita»ae?-*ffl«i"*. ;i© 
ffiSEwt^KMKra«<off«swrac^ #i*-tfa 

ft* 3- h*<D*SffiKg-3< ttffigE8l©lS«)Mm£T* 
fSKK&SSn*. *»«a©&JfilB«H;:«fcD, 
*RW«EW##2K5*Stt5£SSEWA»S&*Bia 33 

igaGrf£if#«. 

coo2 8] *»Wtts&»c, ♦jswansafc^siii 

[0029] *»wa«ae7-*»*atj&«»©^^ 

t&*. -j&fcjtcte* it^nuia^a^i/^^a^&m 
snfci/^u=i>»r;iHWE5o^ty^^^-^ fe£ 
isaauTttfflsn*. as, #js?*k&$ 

nfc«ja«p*co*aa!a^swiBfcr«^-*-ewt 

[00303 *»H©9SS^**-£«art-afc*©*< 

**-£:LTtt. ^A«*t«KAlC^^^ 2-1173 
84^^iC^^£D^7. 5 H pJDB-ADH-HSA-A 1 0 
-C#!K) ^ttfflan*. u0^575 FBSSA cDNAS 
£fc8«7J^-^TkHDyt- tf I (ADH 
I) ADH^-S^-, 7>tf->U 

>wttae^otap f ) > fctfLe^ae^s^/uw*. 

•£©&*. :©^^SH«, XhoIiftfcU Xleno*SSr>t 
fc«kD*W&U BaoHI iBftUTHSA cDNAS»*r*. f§ 
*>n&fcj8kb DNA 5 ' Jg&JB'j >S&fcLfc&, 13 ' 40 

ao+Rwaftaw^ats-r^cticjcD, as?? 

X£ K(pAffliPDILyl)£^S * 

Rwcatsae^ssaswa^oatE^-r^t 

[0 0 3 13 *®.mt-£t>\Z, *«fflO«8^i'^--e 

[0 0 3 2] tSitUTii, *S5i8, ttS«fc£©lg:& 
TO. Rtf»###tf6*U «t^D-fe-»^£^LT 
JSS&fflPD 1 S»»t«*!&^»*L^. 
I2BI#T&£>. ISiBS^LTfJ, Saccbaromyces ce 50 



&R3¥6 - 3 8 7 7 1 



5 



revlsiaeWajStf &*u 

&oTtt»K»*AH22«i*t»afcffiffi*n«), *IS<8 

seas) fc«£tLTfl^Mi*££ttB0iTfc«. « 

*i» IftA^y^AiUlfe. yah^77h 

fe. «SL9?Ltttt^t*D«aK:*lfi**l^*. B«© 
JBRtEftfttt, S8^**-*tpAHhPDlLyl©«£, #6 
*lfcffi#£ S D (-Leo) 7>- h±TiSSf * C 

[0 0 3 3] ftoT> *589Btt*&, Jt&©«fc5fcUT 

f^aufc^Ki^ffrtT^gaoateae^saa^* 

* t £ c j: * m& a. tbPDi ©sa^te^^T*. 
*§e9i©£»a8«fc«fcfttf. *5ewo«a*«ttfitTic 

[00343 ws>* *5ewaisa^?&?a*i*iT«s$ 
pg«t. fiEaisa^ssas'ti-iisjfcfrTT, smh» 

He»#*»*LT»»At hPD I 

t»8aftiftAPDi€@«rr*a»t, s^-r*, 

[0 0 3 5] «£fcl,T»#fcflI^**£fctt, thP 
D I jfflB#*>/1£H#:7nizS'>^££tn\ 3fi&*_ 
thPDIil>a^i«i:LT»»3n5. t>L?§££ 

[0 0 3 63 a<b&M^C£Dlia&£&£$J&£:&#* 

-fc#tt*;:£fc*DIMft*.fchPD I 

^*»*tt*9Att^©t>©tH^S*l*'bOTtttt 
05*.t*TSK-ge! Pbeoyl-5PW«7Ktt*7A (Jfcy- 

©) awf§3n$, ero^aMthPDittKCi 

^frfc^RMrtt (PH8.0) «P0.85M*»6. 0MB£&7> 
*-^A^©it&MS&^EiC<fcOigtfl£ft#* (5S4 

Dili &55kDa O^fft^l, *&^^5>^K 

u * t?A©s«ij£©:gg£ra& t ux^sr 

[0 0 3 7] *5EW*fefc«k^Ta±S*l5fiaiLtb 
PD I tt, ^*SS©t hPD I titeL/TN*^75y 
Kdt Aspjfc&Gly JC3fe3t5$nfe«b<DT»ofc. «!o*C. 
*56Wtt 49HB07S^a*»6«4E^J#^3fc^n 

* Gly 1 Leo 4 * 1 ©75yaEJ»J^6flll**n 

*tmxt hpd i ^fesftr*. 

[0 0 3 8] *%^«$6IC. #»«pHEfc, thPD 
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[0039] jesses *<D&®&m& : ?t&ft&i&& noHSA*#mrzt. mytm^ETr\ty)v±r^ 

mifflfla^^Mism^. en*.**, Ka^ae^&t;^ $s^>H»tUT«asn, w&jwciE#fcHSAt 
^nfc^^^^i«jv->fA» ^Dh^5^ jo SHSA^it ^rti^x;^^ K^w^icjg 

ft. ^^^S^^^ffiW^T^irtt^A-r*^ &8S2ttfc8BBS-m, M[*3<3HSA087C?M#££E 

£K«koTgig3 TTC3SDSm^»T«, HSAJHWlfcOPD I 

[0 0 4 0] t*#*ae^fc£'3T3-K3n£#U< cDNA§^S3tTl^Ug»^#yii»H 

T^Kte, ^8S£n&PDI©fcfc8tflga (EP-£#U SAK^tit^UT<tD*t*o/5:/t>HtUT^ffl3E 

^^H^ovxjpy^ K&£©*m ns pd i «hs a^^eto^x;^ 

^fcfeSfflSn*. XRWommmzk*)* V>*g&-e©H I S 2 3»mroHSAOmRNA#ffi 

*fcRtt3ta^*£LTfchJfeai7;l>:/5> (HSA) fi£Nor therein y hiSK«t DJtRTSt, PDI5t£ 

£3- HTsaS^f T£%31£-ti£l£-&ICH S A©mR N Afi*«gJptT^ 
[ 0 0 4 13 *wm&^ r^iJ^y^Hj fc^fflgg PD I tfiSttHSAiffiZfiUSl/T^ 

it, S«Rr;fi0^7'^H3fe«twSdK^trc:t&* *T*IBft*:ttTft<» HSA«^fo|g9V^fct>» 

[0 0 4 21 Jfc&teSfcLT"*, ttH®ft£© #^CDR»R5SS^r*«Bfirtlii2llC«<khJlllfll7 

K&SBfe. »#, «i*aiJB>i:^(D»«tfflia*^f6n .30 ;i/7*5>©U-y-ffi^©M^fc£r3Tt:r*PD I#t£ 

5. fcfc. SSR^ff5^^n-fe"»^^trm^U ftfc»«BI^6»»$nfcc:ti:HSAO»»**t^lD 

<, ftlC»f3a<#£LV>. fc*l>THSAi##U iftaHSAiC^fflU&Ct*« 

[0 0 4 3] ±ffi»HIEft#rtT?, t H S A©&£U^£_t#$-ttfc£ISBT<fc£ 

HPDiae^tl&O^U^^Kfta-H-ra^a S^UDIMTSSJ;^:*^. S6«C, H1S2 

£^££#^2tfT&#U ^7? F 38U: 0##£n&HS A£PD I ©ft£#*£, PD 

K#»J'<7*9 1 Hfi[sIiR«2:t**6riS*#U^7'^H© IttHS AC&M3nT*0, S SKSaa&rtlC&ttJ 

sig^ft&g^-rs. $n*k fpd 1 ^^;vt>ja5v^t*^» settHSA© 

[ 0 0 4 4) *&W<Dntmmz&Q. fc: hPD I 85! in vitro T©gttJ$fcfeViT^%*feyT©fc^ 

nfcBertTHSAXtfPDiftttitoieia^TT^Ra nxv^t)©i:M$n$. zozt%*it* pdi«i 

^-SfcS^ICtt:. ¥5£ K §882 tifc^T, HS H S AI~ul&f£fflLT^5££££8LTV>SJ:'5 IC* 

A©#»fitt¥^TlS6 OXJgjDLfc (88H) . A*. 

[0 0 4 5] g»fcfl**n*'3 5 b0tt&^. [0 0 4 93 Z<D*5\Z* hsa©0itpd i©#5es 

JCi<E>HSA^»*©»ICgfiLT«^T©ck7JC#^. K£^T*©#««©fSto-»*##5tl, *©3B£#P 

*>nz>. d i «qt!tH s A<Dmxm&mmzm>T^z pjtg&a* 

[0 04 6] HSAtt, 1 7ffl©5>*^7* FISSSJS RUtfcj**^ .fcOHBttfc. v7.;V7^ Kf£"p©i&j£ 

OieST^D. rto. in vitro T©gftgagfrg> ffi. J&Xm&0&&*$fe4t\Z&$-LXKZ>#&mb& 

©S«^!^C£^T{b¥£§SfcJfi©PD I <&#fcfc«fc £»K^Tt>H-»JSrtTPD I 

0, ■toa^ffl-g^^ffiiiana^tdtttenT^ so itzz.t\z£Dmm<Dto&m<owmtoRim&~i!£&t. 
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10 0 5 0) «T©£15«»CJ:9, S6K*5fiW*KW 

-r*#, ^fcBEtt^ft&cgfcHfciafcan**)©-^ 

[00 5 1] 

t: h PD I (protein disulphide isonierase)cDNA©fra 

k hfffl«AgtllcDNA7-1'7*7 , J- (ClontectatD iftlOO, 
000 £D->£ 0.2&©T;l/r*-7.£-&tJLBi§ifc (IX It? 
n^hh'jyhX IX NaCI*3<fctf O.SX'f-XhX* 

500 £g£U ^ni: 1M MgCU 5 pi £jn?t3rc 
T10#»iTT* £ t K<fc D 

2in*50BlOLB±S*^iS«!l (LB*ft, 10m 
M MgClifeitf 0.7X7#n-;O teim*.iE-&«, 23cm 
X23ei:7>-h«P©LB3iE*i&i&±fc*l>&. ±JB*3S 

fc. f^^T-v 5 *?^^- (Hybood-N, Amersh 
aa*fc) fc#U 7;V2>'JiSS[ (0.5N NaOH 43.ktfO.15M 20 
NaCI) {CgL£3MM fcffi (Wbatnan *t) ±fc, 7r-^ 

©{*Mfc±iciWTi#mfl*, ttuTtftjsa cm 

Trls-HCi(pH7.5):fc<fctfl.5M NaCI ] KgL&E8MS± 
IC 1 #fH3BV>fc. 36C7^M-ft 2XSSC (20 
XSSC =3M NaCI 0.3M£X>&=7- HJ"7ZO 

-5?DNA*7^M-l:H«b&. Il5bT®£ftfc 
7^;^-*ffiV5TOTC0^)@^oTk hPDI cDNA© 

[0 0 5 2] 7n-:/lcW;, kh7D'J>4-*^b» 50 
* (PD I £m—*>rtirfD cDNA [Pihlajaniemi, T. 

et al. (1987) EMBO I., _6, 643 ] © 243§gfr<=> 2 
82#B©tfi£E#J©ft«8fc#Jcvr*40]iier ©*UrfT 
— DNA (5' -TGGCGTCCACCTTGGCCAACCTGATCTCGGAACCT 
TCTCC-3' ) £, gSbDNA-&j&« (Applied Biosyste 
mstt^^SSOB) lC«kD£j£bfc , b©£JflV»)fc. 

[0 0 5 3] fcfcDNA (20pmoles) & 50mM Iris-HCl 

(PH7.5) : lOmM MgCU, 5mM^^W-fl — /k 10 
0 jxCi [t- ,s P1 ATP (~3000Ci/mmol, Anersham 
tt) *&Vl2J£iiL<DT4#VX!?]s*?Y*i-— if (S 40 
SiStt) £^tfi§i£50pl ^T3rC60^rp1SlS$ii--&C 
&C<fcQ-t-CD 5' «*y>BMfcS»Lfc. ±B©7*;i' 

hffttUOOX^AJt- higlS^ 2 X«7->lla?fl7;^5 
X 2 X7-<n-;P 400:fe«fctf2%# >J k-^kDU H 
» , lil NaCI , 50mM Tris-HCKpH 7.5), IOgM EDTA 
(PH8.0) , 0.1%F5 J ^;HfJW3>'>K^h , J'7A*J«J: 
tfcOag/BlOS^SfflSfcU&trfrfii^DNA] K37 
tlWLfc&t, /W7iJ^t-y3« C7* 
WW^U^-K—>a>»«lC»10» cpm/ml©±&g 50 
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ttDNAS^tJSfflt) <PlC37-Cl5!SfB3aLfc. d©?^ 
2 XSSC 8ffi£Jfl^T£fiTftB>L, £5>IC2 
XSSC, 0.1X Hx'^Hf ^ h 'J -7 AfciS 
T42'C305?ratt^L,fcSXS7^;i'A(XAR-5, Kodak 
*fc) fc-80'CT-&B#S-8-fc. 7^JVA©§I«{©*S 

z.fts><D*,#*)\,\zftfctz>&mz$>Z7 7- ^£±1E 
7*W~hd^y;U«JfrtbT«05tO lml©SMg®i« 
ClOOmM NaCI. IObM MgCU , 50mM Tris-HCI (pH7.5) 
*5J:tf0.01X«3 t >] ICgU 4'CT— WltfiC 

<k ^ ic e>n& 8 a© 1 # u - - > ^bs^^ 7 
-ffcowt. ^n-?ni^^u-r>^tf^^©^ 

D->tuta-3&. c©:7n->i;:ov>T£ <=>!;: 3 & 
X*U-x>:?£m^£l~m-©R§&#D->£LT 

[0 0 5 4] *t&nfc»tt£n->©:7 7-5>DNA &Le 
der 6©7jS [Leder,?., Tiemeir.D. & Enqnist L. (1 
977) Science _196, 175 ] fc«fc OSIfflUfc. Hfcftfc 
77-7DNAO l/5ft£i§85 [lOOmM Tris-HCI (pB7. 
5) , lOOmM NaCI, 6mM MgCU , 6mM *;V*:/bX* 
0.1Xif7^>. 20jzg/miy#*£W7~t! 
A*3«fctf20i|ift© EcoRI (--/#>S>->$±) ] 50/il 

^T37*c i i$m?mfc;&, o.8X7#a-x*';i'T««fc 
S&Sfr^fcJ&g, £©BBtt*o->)&q&i50 bp©-f >it 
-hDNA£^tfil£##a^&. 9 J WW- (Ge 
ne Clean", Bio-101 *t) ^fflViT-f hDNAS 
0lRtfcDNA»TM-^2Ongt EcoRlT 
m^bfcpUC19 ^^-ifolOO ngt^DNA7<y~S/ 
3^*;h (SfiJfitt) AM20pl , Bf£4pl Wjg^ 
K^T16'C15^PflS^$-a--5 ^ £ \Z <t 0 f^D N A 

a it-fcmm^7*7X s h ^©s^aio/xi 

V>TMandel& [Handel, H. 8 Higa, A. (1970) J. Hoi. Bio 
I. 53, 154 ] (I«fcO«®TGl^$JgHfemi/fc. 
©6nfcJBRIE»«:«5ix g/m!7>£->'J >S^trL 
BiSiS 100ml T37*C-^SU 7JW*US®S [Birn 
boim.H.C.4 Doly J. (1979) Nucleic Acids Res._7, 15 
13] H«t 07*^X5 FDN A%m$lLfiL. r«777i 
HDN AlOp g S:Ss?ft£[100mM Tris-HCI (pH7. 5), lOOmM 
NaCI, 6mM MgCU, 6mM tW? hx^y— ;k 0.1X 
100m<i© EcoRI U';#>JJ-> 
tfc) ] 200 itl «t»T37"Cl«Ha«ft«, 7x;-W 

w, x^y-ji/itas^^aieL, 0.8%7770-xy 

;pm&&!lfT-3£. *5l50bp ©Oir-hDNA?£^7 
X/^«7^-TIe]JRL, aTtEtTDI cDNA©X£U-X 
>?lzm^Z>zfa-7£Lfr. 
[0 0 5 5] k hPDI cDNA©£&£-&tr£D->£®.5 
TzMZ* efeftTk h5T»AgtllcDNA7'f^7 , J- (Clon 
techtt) m0,000#u->}5&lft hfl&MAgtllcDNA7 
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4 75V- $50,000?O->l::o^T©X7y 

©77-^DNA£B£Lfc7><';i'*-£f£KU&. Jc 
K150bp tFPDI cBNAWrfrttlOO ng£ [a- s *P] dCTP 
(>400Ci/mmoU Amershai *t) *5«fctfXy7 h5>7.U 
->3>+yb (Eft) €rffl^T»«tte»Ufct>©S 

/vf 7*'J y-f -K— >a >8*fciC60*C 1 BSIfflgLfcfc* A 

>8fclC*?J10» cpn/nl©±ESKDNA&$irfg«) * JO 

ic6ox:i5^regufc. c©7*;p*-& 2xssc 

fflV>T^i&Tife#U 0.5XSSC . O.lXHxv 

;Hf -> h y 7 Arrest i crafts* Lfca 

X£7-f/l/A CXAR-5, Kodakifc) fc-80t:T-%8^$ 
7-f /I/A©«lft©*5*. fif« cDNA^^5'J 
-it) 6®, B&£ cDNA7"f7*?y-«fcO 5j@©Sg& 

X^CWtS^KiDSteHlIffFB cDNA^7* 
5iJ-«fcD4®. tefi cDNA7-T7*5y>-«fc0 3<BKi 
ffift^D->&mf8Lfc. &&nfc7"3©7a->© e ^ 
CORK >U— hDNA|rfri£i(|jei^SO^Sl:8£oT 
7*5X5 F^^-pUC19 ©EcoRI SMfclC1*-7'i*n-> 
flSL&&. 7?D->©^>+*--Hc:3UT©fi?JfE8l5& 
ifcK£f£f£L;fc. *©•§£, JJFK cDNAC04O*3<fctf 

cDNAC02^>^S^t^-A*-^-/7*LT45t), 
*0, ^©5^©!fra&3fe©£D-->l'3>(pHPDI16) t 
Md3&©y-D->lP(pHPDIp4) 0)2 
fchPDI cDNA©£fi£#A*-LTV>*;:£at, Cin£© 
7 a— > tPiblaj anient &©7ni— >©MfS»&ifi0© 
ittfc^&^&fcnfc. O— >\ZZ>KT M13 SEQUENC 30 
1NG KIT (XfttttZW . M3 Sequencing Kit (SSig 
tt) ^iZ/SKDNAx-^X^+J-— (370A. Applied 
Blosystemstt) fc.J:DDNAfflaSE5«Jfcftj£L&. Pihl 
ajanlemi £©x-* t<Dlt&\Z& n— >li£g24 
54&SM^6f£SkhPDI cDNA&S-HrSJltrae 
a^tftofc (g^JSHf 1) . 

[0 0 5 6] bhPDI ©B&ggglT^T^ K©ttBg 
±&©fchPDI cDHA£a-F-r*2-3>C5?D-->pHPDIl 
6 *5«fctfpHPDIp4 SfctfcLTk hPD 1 OMt*tt 
•638^7*5X5 H&KT©^)BTttai,fc (»ih 40 
A> B*5J:tfC) . 

CO 0 5 7] 7;i/*y*att'CJ:DiB®bfcpHPDI16 DN 
A m 1 ttg^jgft ClOmM Tris-HCI(pH7.5K 100mM NaC 
I. 6oM MgCli , m *)V1]7bJ-* /-)V. 0.1*ii 
5^>> 10HK&© EcoRI (X«/^>-7~>tt) *3<ktfl0 

m<4opsti mm ]20u\ ^wc i ^natHfta, o. 

8I7#D-XWr*ft**»€fTV\ PDI cDNACD 5*809 
EcoRl#£Psll6B#©*'J490bp ©fi^ODNAKItS^ 
5XA7^-IC«fcO#«-«SL£. pHPDIp4 DNA 
^UgM [IObjH Tris-HCI(pH7.5), lOOriflfaCl. 6 50 



4$H*f 6.-387 7 1 
oM UgClt .6DM^;V*7*hX^y-jk O.lK-tf?^ 

x lo^ttopsti (x^^>-7->ao ^onwtto 

BanHl <R*fc) ] 20 yl *T37t; 1 ftTOftMEac t 
TPDI cDNA© 3' «fllPatI*»5 BaBHl&#©#J1.3U> © 
g$©DNAItffr£#«-«fibfc. CO^ofctTlEl 
CH/&P5DNA»fM--tn^niB50ng^ir; EcoRlS^tf 
BamHI TiltfcU tftttfcLfcT^XS F^*-pUC119 

DNAllfl20ngfc£"S£tt©DNA^y-^3>*y hA 
&25tfl MtfB«5|tl *T16 , C15^raK^$«5C: 

7 A ft K £ 0 *JMM V 1190«cn > tfy > f-fe 

it&90nia©X-Gal TV— h (50u 

g/a)i 5-7d 2 &-4 -#oci-3 — r>H , j;i'-e- 

D-#57 hbf^/->h\ 80/ig/oKy7*ne;W-j5 
-D-ft^^^ht^/y^ 25ug/nl7>fc'i/y 
>. LB^it; iC^Vifc. 3rCT-% 

frviewt'r«>7 , 57>5 Fs«»r<*>»»t6«(*€a« 

Lfc. ^^nfe^XSH* phPDIEB^iSft^fc. 
[0 0 5 8] phPDIEB^ £ tc LT% Kunkelffi [Kunkel, 
T.A. (1985) Proc. Nat I.Acad. Sci. USA. 82, 488 ] \Z& 
O. cDNA±<DPD I ^^WEWtPD 
O«^f»»Cl!lia»*NaeIiJ0»f88(ftS:»AUfc. phPDIE 
B DNA &ffiViT*;W'>7A^}C<kD^B5®BW313 «c3> 

150fig/nil©7>t:v'U>«r^tr2xYT 
(1. ex/t^ h F 'J 7* h >» 0. 5% NaCl 43«fctf IX 
A7 h-f-X hX^X Yy2 b) T37t:-«tfltr««*ff 
ofc. tOtSSKSlBl* 150Mg/ml©7>tT*>y>?£ 
^tf 2 x YTig»50iDl IC^SU37X:-P$ 6fcfc*Lfc. 
S3S (0D»oo ) *t O.mmzWLtttZZT M13K07 7 
7—7^m.o.i.=2 §STJD^.37 , C30^fW»Sb®?ft5 
inJC70/ig/ml©fflffi{C^S.fc5iC*7-T-fv/ 
>*Un*.37 , C20«f|i8ig»JSil€:ffo^. MttftSiDA 
«iC*^t^6nfc±?flCl/5 &<D 2. 5M NaCl, 20«^'J 
X^>df»jD-*#6000J6««:toAtt#L&«MT 
15»|BJf»flL&, jS^rJUC^JftfttifcttlRSSBl© 
TEIS«?« [lOmM Tris-HCl , ltnM EDTA (pHB.O)] IC& 

1/10$© 3 MB^K^- h 'J «7 A^«t^ 2.5^©X^y-;W 
€rUU^a^-80 , CT30^fffl#«LM^«iC < k 0 DN 
A5:ttlSfc LTIeJJRL^.. Jin«:70«X^/-JPTtt^ 
LMffi^^ 100 nl (DTEfiWttfcJgftLfc. £[±© 
^ftTgBSlUfcdU?&-&trphPDlEB E&3feO-*@DNA 
SfflV»T£lT©¥JETBWfr*S!aai-feNae]»tt©« 

GGGGGCGCCGGCGCGC-3 ' . SiBJitt) ] lOpnoH&SfR [10 
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OmM Tris-HCl (pH8.0) , lOmM MgCU , 7nMy^*^U 
■ih~)V, lmM ATP &&mO&ft<DT4$V5i9\s* 
^H**— t? CSfiifitt) ] 10m 1 *T37ri5»fflfi* 
mVClOftWM L-TT 4 # U 7 £ Ftt- tf* 
±8BpbPDIEB B*<0-#&DNA 0.2pmol 
ul a7--V>99ffi& (Site-directed nu 
tagenesissystem Mutaa"-!, S«i£&) K«a**lD 
*.£fc£S£10Ml it. ^^Clul £±E>J> 

fcU 65t:i5#, 37t:i5#|*fi&, 25 m 1 CO#g$»i£ 10 

(±E Mntan'»-K, Nth) 60HH£co*BigDNA 'J 
i£ (Mutant, f^tt) *3±tfl JH<fc©T4 DNAtfU* 
7— tr(Mntan'"-K, fltfc) &ft]^25 < C 2 HtWSfcSli-ft 
CilC«fcOffi«i«^*fT'3&. IL©»ttfc3jil o 
0.2M EDTA(pH8.0) *JH^, 65t:T 5 Z. t 

K«fcDffl«»^si?iha«fc. ^e.ntDNA^3 

Ml £30m1 CO^ffi®BMH71-18niutSa>tr'r>f-fc;i't 
B£U *+30#, 42"C45f*>$ 1 #RB»«L 

&. Ilttfc 300/il coSOCISJft (2%rt*7hbV7h 

0.5M-^H*Xh7i'K IOeM NaCl, 2.5 20 
mM KCK lOmM MgS0< , lOmM MgClj feiI/20inM^3 
-7.) fcira*.37 , Cll$ftS&&L&. S^IClOtfl COH13K 
07:7 7-$>£;i]n*.37t;-r30#H»e«, 150 m g/mico 
7>tT->»J >*.fcttfOM g/nlCO*^-T< 2 
XYT^lmlSJnA, 37t:20I^WliaUfc. *#£n*i 
***£3afr#KU Ji«20m1 fclsUKU »MV 
1190ig|ti£80Ml £fi£U 37-ClO^mSS. 150m 
g /mi cor > tr^ U >£"&trL B TV- Y\Z ££37t;T 

NaelSB&$A7575 KMOTS'bQfclllS SEQUBNCI 30 
NG KIT OKffttfllth) €rfflVifcDNAffiSE»«T}C«t 
OHfcLfc. i!©757S K£phPDINaei£tttffc. 
[0 0 5 9] 7;P*U«aj*TW»l/&phPDIKae DNA 2* 

1. 5' - TCGAGAATTCATGAAGTGGGTTACCTTCATCTCTTTGTTGTT-3 ' , 

2. 5' - AACAAGAACAACAAAGAGATGAAGGTAACCCACTTCATGAATTC-'3 / 

3. 5' - CTTGnCTCnCTKnACTCTAGAGGTGTTTTCAGAAGGCCTG-3' 

4. 5' - GATCCAGGCCTTCTGAAAACACCTCTAGAGTAAGCAGAAGAG-3' 
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*Mg£t8& ClOnM Tris-HCl (pH8.0), 2taN NaCl. 7cA! 
MgCU , 7itt&©NaeI *5<fctfl0# 
fttOBind III (Sfg&tt) 3 30m 1 *T3TC 4 fSMft; 

£0.a7#o-xy;ww*tt£m>j»i.7kb <oss<o 

hif[ii*7JV7S >co7l^7oE?J£B#fc:fc^T^gt 
S©SViD F>fc«k»):3-H"r*DNA»rtf-fc*D--> 
{bLfc^7X5HpllC119Sl8 co«$^S^T(O^J@tfT-p 
fc (SB1BA) . 

[0 0 6 03 7*7.5 F^£*-pUC119 DNA 1m 
JSElOOmM Tris • HCI (pH7.5), lOmM MgCU ,50nM NaCl 
*3<fctfl2J|MfcCO EcoRl (-?#>>?->&) 3 20m 1 * 
T37"C 1 P$RrJiKMfcLfc&> 70^ 5 #roM&LTgH&£* 

X^y-;Wet«iCffiViDNA«:I3iRUfc. £CODNA 
t, 

5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

jg» [66mM Tris •BCKpH 7.5) » 6.60M MgCU , lOmM 
WXM l — ;K O.lmM ATP £«fct/ 300TO<OT4 
DNA U tf (£ffiiB*fc) ] 30m l *T16T:-|ft#S 
Lfc. ClO^fKlOMl *fflV^»«JM107 #3>tT 

x^^vsaji^Afcicftv^ste&u 50Mg/ 

nl©7 >KS/U >£^&L B7l^- M£££37 , C-l&# 

)8^7X5 KDNAsraau Mn»Mff«f?9 

H fcfc J: D aWt-r^XhoI U >*-#pUCll9 EcoRISMi 

[0 0 6 13 «TcogB^J : &feo4a5Sco^-'J^^U* 

: 



£S»iDNA-£j&ttl (Applied Biosystemstt, ^x;U38 
OB) £/BV>T-Sf£Lfc. iin^#><r»530 pmol $fg 
[50dH Tris •BCl(pB7.6)» 1 OmM MgCU , 5nM^^ 40 
h-JK 0.2nM ATP &I/6¥ffiC0T4 #»J^^W 
^H*^— (SSJfitt) 3 25m 1 *T37rmflr3K 

y zt* z V*?- H ^^OSffi&^-ff (Sr 100m 1 ) 100 

SrfToit. ^MiC 600*<4COT4 DNA U ii—M (Sffi 



[0 0 6 23 ±s£coXhoIU>*-5:^AL^^i'^-^ 
77.5 HI Mgfc&fcc ClOOmM Tris -HCI <pB7.5K 10a 
M MgCh , lOOtnM NaCl, 10^(4<O BamHI 
>tt) *i«fct;i2^&coXhoI (SfgiS^D 3 20m1 *T37 

tiuuiiMfcifcfc 7xy-;u»ffi€ffK ^^n/t 

DN A t±5EC04'D(D^y r^5i^ h'CO®^lt«t 0 
^e.nfcX*«DNA7 7^>>h« i 6;l'£«ffi [66bM 
Tris-HCl (pH7. 5 ) . 6.6aM MgCli , lQaMa^tXW 
O.lmM ATP *3cktf 300WCOT4 DNA'J^- 
-tf (SSiitD 3 30 al ^T16r-i&fii!Lfc. ceo® 

»iomi sfflv>T*Bg®JMio7 «cn>fc:x>M:;t'& 

*JP->^AttlcaViJgKClftb, 50m g/nl©7>t:-> 
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Mutant— twc, -tft5©#f3rra7*7*s k 

D N A <D£SE3MSWf€ff 3 £ t K£ 9 g W £f * 
3 Ffc pUC119Sigfc;&ttttfc. 

[0 0 6 3] lEO^Tff8Lfc^775 H PUC119S 
ig DNA$7;P*U^®ftTraSbySu uODNA2 m g 
[lOmM Tris-HCl(pH8.0), lOOmM NaCl, 7nH MgCl 
i , 8$i&©StuI (X-/#>^->&) &&ZttOW.&<D 
Hind III (Sfifitt) ] «T37C4RM«lfta 0.8%7 

^p-xy;i/mm*W)i'*Ht, tt3.2u> ©&$©dna 

T#£>nfcpbPDINae&3fc©1.7kb DNA WffriKJSOngtpUCl 
19 Sig*3fe©3.2kb DNA ^mOug^m^y-i V- 
5/a>*y hA«30tfl B8$6m1 ^TieraO^PflS^ 
10m 1 *m»T*;i>2/*Aftfc*0;MBBftraiOl 

3>ex>h-tju (ssastt) £fi*jns»u somi / 
Bi<D7>tr->u>^tfLB^'w-hic*v^. £©7 
h * 37*c-?ft#B-r * c t »c «fc o # e> nfc □ n 

jfo»7;i'73>©7l'7DR*rF»fcfchPD i 
8sttLfc#© (SS2B) fc»*.75*5K&afcLim 
Lfc. £©75*3 F£phPDILyl££ttttfc. 
[0 0 6 4] WJiroi^lCbT^en^'J-y-E^ 

$iPDi ^ss7;V3-jWxtHoy±— tf i jife^ 

©7D*~*-:£BETT$S:§i3-e*'*<» &T©5MBIC 
<kDfc HPD I 8979*3 FftfcfcLfc. 7JW&UB 
eHsfc«fcDt8»l/fc±f2 pbPDILyl DNA 7mI 

[lOOmM Tris • HC! (pH8.0) , lOOmM Nad, 7mM MgCli 
*5<fclM0iN£t© EcoRI (X-/5|?>i?->tt) ] 100m I 

4>T37t;2NrnfllA:fl« wo^x^-^/^dd*^ 
Afgffi (ffifc7xy-;W£$ma*;>A£«&ig-&Lfc 

7xy-;i^/^DD*;uAMai&»igL» 

lCl/10g© 3 MRK^- h U *>A (pH5. 3) £ ±1/ 2. 5£© 
X^y-JW&Jn^S^U -40*C2i$|yi#BU!i:. ftb 
let 0# 6*ifcttJRfc70XX4» /-;PTfti*&«JE8& 
1/50^1 ©KlenowHSfSt (Kilo-Sequence ^Deletion K 
it. SSiStt) 4#{fl:©Klenow fragment 8 

ffift (SiSigft) *2nA37t:45»iHJK«:$-&sj:ticj: 
oecori wtt&ftoy-ttitzn-oit. 
2B07x/~;v/^DD^Attmsff^t>. *#e>n 

fc*H{Cl/10JS<D3MBB7-hU«>A (PH5.3 ) *5<fctf 

2.5«ox^y~^*inAtg^u -40"cira$Bb 
ft. «i£>cj:o#6nfca:iRft7oxx^y-;VTtt»« 

»JEE«J»U 50m1 ©Klenow$«8£ (Kilo-Sequence ffl 
Deletion Klt.Sfijfitt) IZ«#U 4 TO:© Kleoow f 
ragmen! (SiBSitt) £im*37t:45#r.fl£££-e* E <h 
IliD EcoRl^ra^tD^m^SrfToJt. ^©iS&lC^ 



(10) *SBI¥6-3 8 7 7 1 

^T2 0©7xy-;i'/^OD^jl/A«jm£fT?S:VJ, 1§ 
£nfc*JB{Cl/10&©3M&®^MJ»?A (pH5.3 ) 43 
<fctf 2.5&©X*/-Jl'£ft]*ll-&U -40tl» 

SLfc. a4>ic t ko#e.nfca:©S7o%x^/~jVT^ 

i*ft«£Eft»U ««[10nM Tris • HC1 (pHB.O), 60b¥ 
NaCK 7mM MgCli 43«fcmom<&©BamHl (x-/#>y-> 
*fc) ) 40m1 fc«*»U37t:3^lfflR*S-ttfc. 
DNAg«£ 0.8X7^D-*y/P«a*»fc*»t» *?> 
1.8kb ©DNA»rtf-&77*^ -«»t 
i0 fc. — *. 7^*U^BBftTra©UfcpIDB-ADH-HSA-A 
(ftgB¥2-117384*f&fa) DNA5m1 [lOaM Tris 

HCKpH 8.0). lOOmM NaCl,7mM MgCh &&Xf24$.&<DJh 
ol (SiBfctfc) ] 100 ul *T3TC 2^IBJ«fl:a, 7i 
/-^/^□n*;PAifttBS 2HJffu#&n&*Stw, 
l/10&©3Mft&:*-HJ>?A(pH5.3) *3<fctf 2.5&©X 

*/-;nfejnjui£u -4ot; 2*ra#tt«38fcfc« 

fct«£LTDNA ^HURLfe. CODNA fct5B£70XX*y 
-^Tft»««JE«;JftU, 50m 1 ©Klenow««f« (Kilo 
-Sequence Deletion Kit. ^Sifitt) ICIS^L. 4m<& 
20 (D Klenow fragment GfciBjfiit) *2UJ*37t:455j|fflEJ& 

^jaic^ 2 ®o7 x y a D^;vAaa*ff 

1l&n&*)ilwV10$(O3M»K^h'Jl7A (pH 
5.3) &J:tf 2.5$CDX^y-;USrtlD^ii-&L, -40T 
l^TO®^, 3S^tC«kt)tt:aai:bTDNA&IeliRbfc. 
8£*tfcDNA S70« Xi»y-^Ttt»a*Ett»U, ® 
% [lOmM Tris • HCl(pH8. 0), 60mM NaCl,7mM MgCli ^ 
^^10m&COBamHI(Xy^>^->th) ] 40^1 
t, 37r75^ram^U^. C<D&i0tKlOMl to 2MTris 
JO -HCl(pH8.0), 110m 1 <D$LW*iS£Zf V$tiLO±f&m 
C75 «ffi*7JP*U7**7 7'5'—t£ (SfiJfitt) =£JD 
60t: i«fMJraiaT*Hfcfci>3BiR«Wr«<0 

5' K'j>Kfl:s^&ffofc. #p.n^«ici/io«o 

3MSS± h U ^ A (pH5. 3) *3<fctf 2. 5^©X^ / -JPSr 

jmAs^u -4o*c l^TOtBuyj:. s^iictDetst 

l/TDNA Sr@iRt«ffi%^20Ml OTEfcg^l/ 0.8X 
7*o-*yjl/«a*f&fc^»t&, J»8kb ©DNA (Srfr£ 

^.n^ipbPDILyia*©1.8kb DNA #?K-#J50ng:fc«ktfpJDB 
40 -ADH-HSA-Aa*©8kbDNAp5ffr^50ng«:Sffi7fittDNA 

y~>3>*y hAfK30Ml > 6m 1 iig^t* 16 

*c 2.5^ms^$-ttTOA taies-ftfc. m^nrthm 

mmiOn 1 Sffl^T*JU^"7 A?* lC<fc O^»®C600»i& 
f^St^mU 50m I /M!©7>tf^'J>^tfLB7W 

ViT7;U*U^ffilC«t079*5 HDKA «SISU M 

Fay?-— I ya^-^-TOfc'J-^-E^JBJ^S! 
PDI ?&ffilteLfc79*5 H€:«^-r^^S?<£^&S« 
50 Lit. £ ©i 5 iCLTfc&bfcPDI 8977*3 H^pA 
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HhPDILylt£ttttfc. ZKD8I&CDSS&, &&MPD 

[0 0 6 5] k hPDi ^^Kfflro3>hn-;w 

WSLfcpJDB-ADH-HSA-A DNA 5m 1 [IObH Tris- 

HCl.lOOmH NaCl, 7mM HgCli , 24WCDXboI CSffijg 
tfc) fciimW© BbjdHI <=?#>5?->tt) ] 100 
Hi *T37t: 2f$M{fc&. 7i/-V?OD^A 
2[5lfTV^?>nfc*»{a/10$CD3MftK^h , J^ 
A(pB5.3) fcitf 2.5®<DX? S~-)V%mXM&\s* - 

ft. £ CD DNA *70XX*/-;PTife»&. «jee«£»U 
50/tl CDKleno*8®?£ Oli lo-Sequence Deletion Kit, 
%m&tt) l~fc«?U 4¥tt© XI enow fragment (SJS 

£tXBamHI $JTO#CD¥ffi{t£fT-3&. CCDiSfflttC^ 
T 2Iel©7x>'-;W/^DD*;WAaai^ff^?>nfc 
#lfcl/lO«03MftlfcfhU£A<plI 5.3)43«fctf 2.5$ 

ox^y-n^anAiiau -40T: 1 ^prj»fi«3S^fc 

.kOttfctUTDNA SEPKLfc. ^nt«fffttta20/i 

i ©tekjsjbu o.8xr^D-xm^i!jic*^t. & 

8kb CO DNA WM-S^^^^^^-TlBllRLfc. *§£nfc 
DNA »rfr»50ngS3:«3fittDHA >3>*yhO 
A&30mI , B&6m1 £j&&U 16*C-iftIxJ&i*i*, 

aEa«eicj:t)?B^ftu&. codna saaoMi 

#AttfcJ:0#jHElftU 50 Ml /ml07>tfvU>Sr 
^tfLB^V~h-fC*$37 , C-%ig«Lfc. »&nfc3P 
=-fc-3V»T7;W*U^M^ICct:D^XSHDNA &H 
SSL, *9HS*»*r*frH, BWfT«>3>hn~Jl/ffl 

[0 0 6 6] b hPDl (PlHSfc:«fcS3Eg 
JbE©3M(aTM«&L&fc }>PDI JBE^XS KpAHhPDIL 
ylSffiVrt&Tfc^T^fcTkhPDI (D##l::«fc*8§i 

[0 0 6 7] YPD^W-h (.2%/Vr h^7hX 1JK 
-XhX**h7*K ayKC7«fe±V 1.5**59 
±TJ8ftLfcS#AH22#CDl|l:3D=:-fe 5ml(DYPDig 

2X7H$«) C»aU30*C24«fPilJSa««Ufc. £ 
CDgflg«?i£ 0.9ml£45mlcOYPDJgifel;:&gL30 , C-?& 
&J&&U ODooo (»«) ifilft O.S\ZML1t£Z.ZT 

£ 3olcO 0.2MLiSCNfcfiSU ^CD^CD lnl&ftblC 
>WtttR£LT«#*lHliKl*fc. £<OB#K46m1 CD50 
% PEG#4000, 10m I CDLiSCN &£.U7)\flJ 
raSUfcpAHhPDlLyl DNA&fclO m KDNA27 m 1 #) Sin 

fce^y-o^K^ofi^u 3ot:T-^»aL,fc. 



11) &BB¥6 -3 8 7 7 1 

^bT0iRUfc. C1CD®#£100m1 CD&®;fcTfi» 
U SD (-Leu) :7V- h [SD(-Leu)*i& (0.67%/t£r« 
-hny>^-7, 2%:/F£«, 20ng/) ©7t->. 
HMV/k HHJ:7>77>, HfcX^X i^7;v 
H*^*— >, 30ng/I co^oi/>, RKVD 
•f y>. H'JyX 50mg/l CD7xx;U77— >, lOOn 
g /l c07*/t7*>&, H$0W5>I*. 150Bg /\ 
CO/1UX 200mg/l (DXl':*-X>*3<fctf 375ng/l CD 
■fe»J> (SU;CD7Sy&ttfttffctt&K) ) *<ktf 1.5* 
J0 ±ICM, 30"CT?S«b&. 50 Bidden 

fc»H««M** 5mlcDSD (-Leu) «J6fc»ai,3W: 2 B 

rflsa^«ufc. zanus** ioom i £ 5di<z>ypd 
«iaicsaL3o , c24^nfl^aj§sufc. #5»nfc«*is 

l.SBl£ttjD#ft£*ttJbfll 500m1 fclSttU £ftfc 

3=&cdx* y jn*E'Sfc*+K 1 ft raftfB l> fc. 
tt«tLT@iRLMJE«;^Lfc. *te>n&«:«£iOMi 

CDSDS-PAGEffl1*>7>©«i£ (125mM Tris-BCl (pH6.8) 
» 4XSDS , 20X3fiJ«fc»J>» 10% -*)W7hX? 

20 J J: tfo. 01*^0^7 x/-;p?>-) 

L, 6»M«*aSDS-PAG ^U- hlO/20 
fir) fcT«a*»*ff«3fc, -CD^^IfefeiR (0.15% 
£v->->njU7>h:/JV-, io%e^Ki3ct;tMO%^^ 
MS (io%K&£«kiMo%.**y 
-JW tcSL> «a«J&«ftflsUfc. £CD»:J>ho- 
;W«»:LT±fBpAH SiB^t LT±^CDpAHhPDlLyll^ 

(^894.000) , 0->i!affi7;i/^5> (67,000) , * 
50 #7JU^5> (43,000) , *-3t?Xy^7>t F?— K 
(30,000) , *IH)^'>W>tW- (20.000) ^5 
«ktfa-5* h7;V"/5> (14,000) ^fflV^fc (S3 
0) . ^SW55K (0«3S«*Jl.ajr21t«« 

rcD^ftji. m cD^f«t-aLT*5 
ogwttst hPDi at»^»L,&t>otfl!ftan 

^ h.*. Bttt LTOTcD¥l©T^ftiSSSfTO fc. 
[0 0 6 8] pAHh?DIlyi£«8r*»*AH22flc©J|i:3 
□x~&80nlCDSD (-Leu) ig*fcgiaU, 30t: 2Qfffl^ 
4» gigftLfc. #6nfc^««^80iDiro4l(DYPD • 
U>ttM (YPDm 6g/l CDN a* HPO* & 
«tt/3g/l CDKH* PO*, pH7.0) \Zt$mb, 30*C2 

[00 6 9] 

gflafrSPttaJLfc hPP I cp^tBfc^cp^b 

^» S»J#7-5U^>ia^atiai8 (TO»^*30,00 
0) £jf§V>, 40f&fflie*fTofc(100iDl) TSK-gel Phe 
50 nyl-5PWI*7M4*7AfcJ;0, t h PD I SHUBLfc. 
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Bfc*&*^Ate0.85MSfc&, 0.05% NaNs fc^tflOmN* 
"7&-10mM KCl|g®i$pH 8. OWSBftb £*>©**&, 1 

Bi/nio £©£!&£Si4 0{-5K-r,, nsmz 

\t, ¥R5£nfck hPD I ©SDSmS^fc»j0£^-r. 

l:<koTthPD I l*i*£J|i-©ritfHC&T#88$n, 
AO, PD I*£ft£#8LTV>.5;i£:at93SaMCfco 
-ft. YPD%mz&*?Z%H®®$L®%\$ t D 
T H ^7 7 W - \Z J; -p T£ *>«>T3&2$«fc < Bfc£T# * C 

[0 0 7 03 P D I f£Hk<DfflfsL 
P D i Igttoaaijgtt, Stc • • f?Klbi::«fcS#fcT 
flsSL&X£5>7>KU#*?l/7-- tfA(RNase A) 
©Mtt/S^©<£ii&*&JL*;Lfcfc«koTfTo&. u* 

•r. 

[0 0 7 1] X£5>7>KRNase A ©BIS? : l20mg©R 
Nase A «:6M^7'-v>^K, 0.1SM^nWh- 
JV&#tf3nl©0.mhUX&&$«ii3ipH8.6 \Z®MVtt 
8, gffc^STFT, 15*3IWa&"eii7G£fT-?&. Stc«3 
&0.01NHC1 T^fcSitfc^77xr/*;*G-25;&7A 

(15mm <f>x 38cm) Ti§7c3i]£i$£L*:. Z\<oRMm\z>f 

X£jDApH£9.0 fc£t*, S-S*S£©£&K££iff 
Sr. 4*CT14BMfT^t)-a-fc. d©ft#£-80 < CT#?? 
Lfct^SX^XTVl/h'RNase A tLT&fflL*:. 
[0 0 7 2] PDI»tt©W£:3*fi&£J6L£55mM 
U>IMX (PH 7.5) 2Qn\\Z. 10m l ©1M5^*XI/ 
-1*1 — ;U£iDAfct>©£P13SU £©*§«*» £10m1 * 
5X0. 20 Ml ©»5m&££tffc55nMU (pH 
7.5) 420m 1 llUnA30 , CT5^i|ittfl'r*. Eftfc±ffl 
7>9y>7)Vm&se »«50/il fclfla.SO'C. 15#¥£ 
Z\Z\T> 1.945ffll©Kai/fc50BMhUXfi 
St. 5mll £rt;Y^>2A, 25mJrflg{fc;*j<J2A£^trg 
Sjf£pH7.5 JC. 50m 1 ©-f-XhRNAfcffi (lOnMMJ 
7.$&K$9l&pB7. 5/lmM EDTA. 280nn©©ftg80{;:£.&,J; 
olZWlBLtthO) 1 cnAB^fe/WCiiD*., »#Lfc 

Odd T:©!Sytfi*«aSfcUftV>c:t^«KLT*<. 

h-;Pffl31LfcX^7>^;UH RNase AJM# 

S5ui mo, cn*'fe;v«t , ©i$»ts-B t a*t&, 0.2 

#$K2#ffi260nm T©K?fefi:£8B*. PD I «fttt26 

[0 0 7 3] fc hPD I KpAHhPDILyltCJ: 
SSSHI S2 3tt©%gl5ft 

thPDI ^575 KpAHhPDILylSrffl l*T» £TF© 
fH»HSA4SSi§HIS2 3«c [#S¥2-57 
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885 ^/«XGf®?5Sgll351 *t (FERM P-113 
8) ] £SJH*5ftLfc. 
[0 0 74] YPDTV-h ( 2 M- >J 7> >, 

lX/t£h<-XhX*Xh55rK 2X7'F'7ttfc<i: 
V 1.5X3$50 i:T««UfcHSA^S«HI S2 3 
»©^-3D--S5ini©YPDJ§ifi (2X;t^hhU 
7*h>, lX-f-XKX*Xh7*h:fc«fctf2X:/K£ 
«) Mat, 3 0'CT2 4^^mSiS«Ufc. JL©« 
8ftlDl£5 0Bl©YPDm*^m«3 O'CT&Mg 
i0 *U OD 9 oo (Aft) # 0.5gftfcai/fctJ15Tffi 

4 6m1 ©5 OXtfUX^V-V^'Jn-J^OOO, 10 
Ml ©L i SCN^A^y^'JSam [Blrnbolm, H. 
C. * Doly, J. (1979) Nucleic AcidsRes . _7. 151 
3.]T6BKLfct hPD I ^m^y^S. KpAHhPDllyl DN 
AiSStlOtfl (DNA&2 0Mg#) tclUWlyT- 
-f^fc^OS'&U 3 0*CT-8%»BLfc. ^tllC 1 

L-T0IKL&. iCB^SlOOtfl ©«&**?!»» 
20 U SD (-Hi s, -Leu) 7>-l> [SD (-H 
is, -Leu) (0.67%A^ hXhoy>^- 
X, 2X7K'7«, 2 0mg/l 077->. H»79>' 

3 0ng/l ©?*□$/>, H-fVn-f5^>, HUS?>, 5 
Omg/l ©7i-;V77->. 10 0mg/l ©7X/<7 
njOW^£>lk 15 Omg/l ©AU>, 2 0 
Omg/l ©h W*x>£«fctf 3 7 5iag/l ©-fe'J> (£4 
±©75y«fctf«fctt3^5S£tt») ) fcitf 1.5X* 
±fcM3 0t:Ti§«Lfc. i&*5 0BTyU-h 

[0 0 7 53 #6nfc»HC»fl£ (pAHh?DILyl/HIS23) 
lC^tiTJ^T©^tId:OPD I ©»a&W<fc. d© 
R5n>hD-JV^KtLT, pAHhPDlLylA^PDIcDNA ffl 

ftfc»HIE&#foAH/HIS23)£&T«fflL&. h 
±©HD--^5ml©SD (-Hi s, -Leu) ftjfi 
lC^aL3 0rT2BflflS®««Ufc. -CDfifJiSS^l 
OOmI *5al©YPD*Jftfc»aa3 ox;2 4w$mu 
^ig«t, ^&n^«« 1.5Bl*a.W^»lC)^tt*© 

««*©»«*» 6 ©58S»»«I ^tt® t LT0JR L3fi4> 
X/t3Kl/-^~lc < fcrj«ffft»Lfc. ^^n^etJS^rl 
0m1 ©SDS-PAGEfflt>->yjHg«fS [62. 5dH T 
ris-HCl(pH6.8), 2«SDS, , 5X5-^;V*7*hX 

^y-;k 0.005X^n ; E>'xy-;p7JV-isj:iX2 o 
yu-h4/2o-ioio (jg-fls^siflittcsc^aa t 

«&&»i£fTofc. *»«©y/H£»fei8t (0.15X^^ 
50 v-7U»J7>h7;W-, 1 0%m&*>£V4 0%*f> 



—702— 



(13) ttBB¥6-38?7 1 

23 24 
S-)V) (1 0%m&&£Z*4 Q%* 1 ^ 7t p AffiiPD I Ly 1 /H 1 S23 #Tf§!t;<1.50ing/l <DHS 

ic*u«ia*o«a»»«i*fiftfl:bfc. z. a*»»ut*o, »«h i S2 3 b hpd 

©BR, ^fi©*tUT7*X7*'J7— tfb ($HF* I<D&ftaC£Q. HSAOMfi«Wft6 0 96© 
94,000^h><t, ^>itom7;K/5 > (67.000) * * 

#7;K75> (43,000) , *-#:isr*7>fc F5-*£ CO 0 7 8] 

(30,000) , *HhU^>-f>ttT^- (20,000) is C5fiW©a*3 *5£9m, t hjMftTJV^S^^W^D 

«kDCa-7f H7;^5> (14,000) Sffl^fc ($g6 E#J£n- H*T*DN A£t hya-r'f H 

Bl) . *CD*g£, pAH»PDILylfcAoT»!HEftUfc»« -f 7* y — t?&^iA^$*®*£38£^£fflV>*;: t 

HI S2 38;T, #^fi*)55.000*Ol>h><!>PD 1 <Df8 K«fct>, t h P D I <D*&3L&&<D^Wi &«J«) TflLfcU 

[0 0 7 63 t h P D I OH S A£%fl&IC#T5%l% »ttfcV>S<B3fcTlS;fc«fc#JfcW^£fcSa«C!>ig 
±£cD##lc43ttSHS A^ctt/PD I <D^»S*€ffi iH:fete£**fcafc*ft#^Mfc^&£LTfliV>S 
V>T. hhPD I ©HSA&Si#&twaT*&££&T £fcj&tT#*. £fc»^I^ttlIj^$tt&TOftS 

[0 0 7 7) 3>FD-;K/7*S FpAH^tfth ^5£teOWffl#U^> r 9 1 b*CO^t^S$itSJ:ilC«t 

PDIfgS^XSFpAHliPDILyl^n-eniCfcoT^S 0, *<Z>Wffl3l5y^^H(Z)lS*aififcJ:<&a&»*fe 

6«Lfc»*H IS2 3tt, BPSdAH/H I S 2 3t* ±#3"fr* £ tatnj&tfeofc. W^fflK^t 

*S«J;tfpAHhPDILyl/BIS23 tt©a4Ltan--5of LTfcfeffl-Ci**. 

0£&*5al©SD (-HI s, -Leu) J&lftlC&a [0 0 7 9) 

L3 4«rWfU««*ff-3fc. H®ffll«*ttl 0 a? [££)$) 

0^1 s-tn-?n5oi©YPD«iaic}gau3 ox:t2 mnm^ii 
feicADSDS-PAGE^oH^^iaKi/SDS-p mmom :m$t 

»HSA^I$T»h^-^- (IMAGE ANALYS h^O$>- : B«« 

IS SYSTEM , f73ttSMS) TJfeBftL. PDI© : cDNA to tnRNA 

#»§fc*3HSA©fS§#ffifi©3eft;*fi«'*fc ($88 gflg : t MffRX!£8&&Agt 11 cDNA^-f^^U- (CI 

0) . *<D&&* pAH/H I S 2 3»T¥^0.93mg/ ontechtfc) 

GAATTCCGGG GGCGACGAGA GAAGCGCCCC GCCTGATCCG TGTCCGAC ATG CTG CGC 57 

Met Leu Arg 
-15 

CGC GCT CTG CTG TGC CTG GCC GTG GCC GCC CTG GTG CGC GCC GAC GCC 105 
Arg Ala Leu Leu Cys Leu Ala Val Ala Ala Leu Val Arg Ala Asp Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 153 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Pbe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 201 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Gin Pbe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 249 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 297 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 345 
Ala Thr Glu Glu Ser Asp Leu Ala Glu Gin Tyr Gly Val Arg Giy Tyr 
70 75 80 
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25 26 
CCC ACC ATC AAG TTC TTC AG6 AAT GGA GAC ACG GCT TCC CCC AAG GAA 393 
Pro Tor lie Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG MC TGG CTG AAG AAG 441 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asd Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 489 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 537 
Ser Leu Val Glu Ser Ser Glu Val Ala Val lie Gly Pbe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 585 
Val Glu Ser Asp Ser Ala Lys Glu Phe Leu Glu Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 633 
Asp Asp lie Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 681 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Gin 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 729 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 777 
Pbe lie Lys Els Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 825 
Thr Ala Pro Lys lie Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 873 
Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser Asn Pbe 

245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 921 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Lea Pbe lie Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 969 
Asp Ser Asp His Thr Asp Asn Glu Arg He Leu Glu Pbe Pbe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 1017 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1065 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1113 
Thr Glu Pbe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1161 
Mel Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 



—704— 



(IS) W6-3877 1 

27 28 
340 345 350 

CTT GTT GCG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1209 
Leu Val Gly Lys Asn Pbe Glu Asp Va! Ala Phe Asp Glo Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GOT CAC TGC AAA CAG TTG 1257 
Vai Pbe Val Glu Pbe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leo 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1305 
Ala Pro lie Trp Asp Lys Lea Gly Glo Tbr Tyr Lys Asp His Glo Aso 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1353 
lie Val He Ala Lys Met Asp Ser Tbr Ala Aso Glo Val Glo Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC ACT GCC GAC 1401 
Lys Val His Ser Phe Pro Tbr Leu Lys Pbe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1449 
Arg Tbr Val lie Asp Tyr Asn Gly Glu Arg Tbr Leu Asp Gly Pbe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1497 
Lys Phe Leo Glu Ser Gly Gly Glo Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1545 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glo Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG TAA TACGCAAAGC CAGACCCGGG 1595 
Asp Gin Lys Ala Val Lys Asp Glu Leu * 

485 490 
CGCTGCCGAG ACCCCTCGGG GGCTGCACAC CCAGCAGCAG CGCACGCCTC CCAAGCCTGC 1655 
GGCCTCGCTT GAAGGAGGGC GTCGCCGGAA ACCCAGGGAA CCTCTCTGAA GTGACACCTC 1715 
ACCCCTACAC ACCGTCCGTT CACCCCCGTC TCTTCCTTCT GCTTTTCGGT TTTTGGAAAG 1775 
GGATCCATCT CCAGGCAGCC CACCCTGGTG GGGCTTGTTT CCTGAAACCA TGATGTACTT 1835 
TTTCATACAT GAGTCTGTCC AGAGTGCTTG CTACCGTGTT CGGAGTCTCG CTGCCTCCCT 1895 
CCCGCGGGAG GTTTCTCCTC TTTTTGAAAA TTCCGTCTGT GGGATTTTTA GACATTTTTC 1955 
GACATCAGGG TATTTGTTCC ACCTTGGCCA GGCCTCCTCG GAGAAGCTTG TCCCCCGTGT 2015 
GGGAGGGACG GAGCCGGACT GGACATGGTC ACTCAGTACC GCCTGCAGTG TCGCCATGAC 2075 
TGATCATGGC TCTTGCATTT TTGGGTAAAT GGAGACTTCC GGATCCTGTC AGGGTGTCCC 2135 
CCATGCCTGG AAGAGGAGCT GGTGGCTGCC AGCCCTGGGG CCCGGCACAG GCCTGGGCCT 2195 
TCCCCTTCCC TCAAGCCAGG GCTCCTCCTC CTGTCGTGGG CTCATTGTGA CCACTGGCCT 2255 
CTCTACAGCA CGGCCTGTGG CCTGTTCAAG GCAGAACCAC GACCCTTGAC TCCCGGGTGG 2315 
GGAGGTGGCC AAGGATGCTG GAGCTGAATC AGACGCTGAC AGTTCTTCAG GCATTTCTAT 2375 
TTCACAATCG AATTGAACAC ATTGGCCAAA TAAAGTTGAA ATTTTACCCA CCCAAAAAAA 2435 
AAAAAAAAAA CCCGAATTC 2454 
EJWt : 2 Jgttft : 

E#Jfl!>fi $ : 1545 h # D 5?- : 

: mm E^WSS : f&O&S* (*^DNA) 

ATG AAG TGG GTT ACC TTC ATC TCT TTG TTG 30 
Met Lys Trp Val Tbr Pbe He Ser Leu Leu 
-20 -15 
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29 30 
TTC TTG HC TCT TCT GCT TAC TCT AGA GGT GTT TTC AGA AGG GGC 6CC 78 
Phe Leu Phe Ser Ser Ala Tyr Ser Arg Gly Val Phe Arg Arg Gly Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 126 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Phe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 174 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 222 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 270 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leo Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 318 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Glu Tyr Gly Val Arg Gly Tyr 

70 75 80 

CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 366 
Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 414 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCC GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 462 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 510 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCC GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 558 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 606 
Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 654 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 702 
Gly Arg Asn Asd Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 750 
Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 798 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr Bis lie Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 846 
Phe Leu Pro Lys Ser Val Ser Asp Try Asp Gly Lys Leu Ser Asn Phe 
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31 32 
245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 894 
Lys Thr Ala Ala Glu Ser Fbe Lys Gly Lys He Leo Pbe He Pbe lie 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 942 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Pbe Pbe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 990 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leo Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1038 
Met Thr Lys Tyr Lys Pro Glo Ser Glu Glu Leo Thr Ala Glo Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1086 
Thr Glu Pbe Cys His Arg Pbe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1134 
Net Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Glo Pro Yal Lys Val 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1182 
Leu Val Gly Lys Asn Pbe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TIT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1230 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1278 
Ala Pro lie Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1326 
He Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1374 
Lys Val His Ser Phe Pro Thr Leu Lys Pbe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1422 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1470 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1518 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Fro Asp Met Glo Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG 1545 
Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 
3 h#D£^:MMft 
E^J©SS: 491 E#l0aS:*>WS 
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33 



34 



Gly Ala Pro Glu Glu Glu Asp His Val Leu Val Leo Arg Lys Ser Asn 

1 5 10 15 

Pbe Ala Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Pbe Tyr 

20 25 30 

Ala Pro Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys 

35 40 45 

Ala Ala Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys 

50 55 60 

Val Asp Ala Tor Glu Glu Ser Asp Leu Ala Gin Glu Tyr Gly Val Arg 
65 70 75 80 

Gly Tyr Pro Thr lie Lys Pbe Phe Arg Asn Gly Asp Tbr Ala Ser Pro 

85 90 95 

Lys Glu Tyr Tbr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu 

100 105 110 

Lys Lys Arg Tbr Gly Pro Ala Ala Tbr Tbr Leu Pro Asp Gly Ala Ala 

115 120 125 

Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Pbe Pbe 

130 135 140 

Lys Asp Val Glu Ser Asp Ser Ala Lys Glu Pbe Leu Gin Ala Ala Glu 
145 150 155 160 

Ala He Asp Asp lie Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe 

165 170 175 

Ser Lys Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Pbe Lys Lys Pbe 

180 185 190 

Asp Glu Gly Arg Asn Asn Pbe Glu Gly Glu Val Thr Lys Glu Asn Leu 

195 200 205 

Leu Asp Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr 

210 215 220 

Glu Gin Tbr Ala Pro Lys lie Pbe Gly Gly Glu lie Lys Thr His He 
225 230 235 240 

Leu Leu Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser 

245 250 255 

Asn Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys lie Leu Phe He 

260 265 270 

Phe lie Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Pbe Pbe 

275 280 285 

Gly Leu Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu 

290 295 300 

Glu Glu Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Tbr Ala Glu 
305 310 315 320 

Arg lie Thr Glu Pbe Cys His Arg Pbe Leu Glu Gly Lys He Lys Pro 



His Leu Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val 

340 345 350 

Lys Val Leu Val Gly Lys Asa Phe Glu Asp Val Ala Pbe Asp Glu Lys 

355 360 365 

Lys Asn Val Pbe Val Glu Pbe Tyr Ala Pro Trp Cys Gly His Cys Lys 

370 375 380 

Gin Leu Ala Pro lie Trp Asp Lys Leu Gly Glu Tbr Tyr Lys Asp His 



325 



330 



335 



385 



390 



395 



400 
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35 36 
Glu Asd lie Val He Ala lys Met Asp Ser Thr Ala Asd Glu Val Glu 

405 410 415 

Ala Val Lys Val Bis Ser Fbe Pro Thr Leu Lys Fbe Fbe Pro Ala Ser 

420 425 430 

Ala Asp Arg Thr Val lie Asp Tyr Asd Gly Glo Arg Tor Lea Asp Gly 

435 440 445 

Phe Lys Lys Phe Leu Glu Ser Gly Gly Glo Asp Gly Ala Gly Asp Asp 

450 455 460 

Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu 
465 470 475 480 

Asp Asp Asp Glo Lys Ala Val Lys Asp Glu Leu 
485 490 
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